The concept of complementarity and its role in the design of organizations has enjoyed increasing attention over the past twenty years. We provide a systematic review of the empirical studies on complementarities in leading journals in management, economics and related disciplines that considers the nature of the factors among which complementarities are found to exist, and the effects of complementarities in organizations. Our findings suggest that complementarities result from the skilful matching of heterogeneous resources which generate positive returns above and beyond the effect of each resource generated on its own. In contrast, the empirical evidence on complementarities between individual organizational and HR practices in firms provides mixed conclusions. We show that complementarities are likely to materialize in complex systems of multiple design elements. Therefore, future research should aim at uncovering complementary effects among multiple elements that capture organizational systems better than a few selected elements only do.
THE WHOLE IS MORE THAN THE SUM OF ITS PARTS -OR IS IT? A REVIEW OF THE EMPIRICAL LITERATURE ON COMPLEMENTARITIES IN ORGANIZATIONS
Over the past twenty years, the concept of complementarity and its role in the design of organizations has gained widespread attention (Porter & Siggelkow, 2008) . In its most general form, the notion of complementarity denotes the beneficial interplay of the design elements of a system where doing more of one thing increases the returns from doing more of the other (Milgrom & Roberts, 1994) . However, complementarities may also entail negative consequences.
For example, the existence of complementarities among the elements of tightly coupled systems may raise barriers to organizational change, as change in one element of the system would both require and effect change in many or all other elements of that system (Gates, Milgrom, & Roberts, 1996; Matsuyama, 1995; Milgrom & Roberts, 1995b; Roberts, 2004) .
In this paper, we provide a systematic review of the empirical literature in management and related disciplines on complementarities in organizations, two decades after Stanford economists Paul Milgrom and John Roberts began their seminal work in this area (Milgrom, Qian, & Roberts, 1991; Milgrom & Roberts, 1990a; 1990b; 1994; 1995a) . Our work is motivated by the fact that complementarity theory, despite its many strengths, offers little prediction regarding the conditions under which complementarities are likely to emerge, or on the nature of the elements or factors (e.g., organizational characteristics) among which complementarities exist. By studying the empirical evidence, we aim to make inferences regarding the phenomenon of complementarity itself, and thereby to lay the basis for future theoretical work.
Our review suggests that complementarities have been investigated empirically from two different perspectives. Studies examining two-and three-way relationships among individual elements provide fairly mixed evidence on the existence of complementarities in these relationships, in particular with respect to organizational policies, practices, structures and processes. Other types of elements (such as resources) are more likely (but by no means certain) to complement other factors. In contrast, studies investigating entire systems of complementary elements are largely unanimous in finding that organizations embodying such systems outperform others. We conclude that complementarities are systems-specific phenomena. Studies of relationships among individual elements or factors can offer valuable insight, but the failure of such a study to confirm complementary effects where it had expected them may mean that the full range of factors at work and their relationships have not yet been fully understood. Due to the difficulties involved in imitating complex systems, complementarities can be sources of significant competitive advantage for firms (Rivkin, 2000) . On the flipside, their embeddedness in complex systems makes it hard for complementarities to be managed purposefully.
THE CONCEPT OF COMPLEMENTARITY
The term "complementarity" is derived from the Latin word "complere", "to fill up". The notion of complementarity is used in many disciplines -it is most widely associated with the wave-particle duality in quantum physics (Englert, Scully, & Walther, 1991 ) -with varying meanings. Complementarity was introduced into economics by Edgeworth (1881) . In economic terminology, complementarities exist when the mixed-partial derivatives of a pay-off function are positive: marginal returns from one variable increase in the level of the other variables (Milgrom & Roberts, 1994) . The total economic value added by combining two or more complementary factors in a production system therefore exceeds the value that would be generated by applying these production factors in isolation.
Drawing on the work of (Topkis, 1978; 1987) , Milgrom, Roberts and their co-authors use the mathematical study of supermodularity on lattices to develop a formal model of complementarity (Athey, Milgrom, & Roberts, 1998; Milgrom & Roberts, 1994; Milgrom, Qian, & Roberts, 1991) .
Supermodularity is the mathematical equivalent to the statement that "the gain from increasing every component … is more than the sum of gains from the separate individual increases" (Milgrom & Roberts, 1994, p. 5; 1990b) . Although mathematical illustrations of complementarity typically refer to two activities only, complementarity theory relates not just to pairwise relationships between any two design choices, but among many elements simultaneously.
Complementarity theory breaks with the assumptions of traditional economics in several important ways. First, classical economics recognizes only two fundamental production factors (capital and labor), thus emphasizing relative resource homogeneity (Ng, 2003) . In contrast, the concept of complementarities rests upon the insight that value creation results from combining heterogeneous resources, as already noted by Lachmann (1947) . Second, traditional microeconomics assumes design choices to be infinitely divisible, the relationship between design choices (i.e., the objective function) to be concave, and the constraints set to be convex (Roberts, 2004) . Under these assumptions, performance-optimal configurations can be identified through local experimentation: decision-makers adjust their systems in incremental steps and measure the resulting performance change until they have reached a point at which adjustments do not result in further performance improvements. In contrast, modeling complementarities in terms of supermodular functions on lattices can handle situations where combinations of design choices constitute a local, but not a global maximum, which may occur, for example, when the payoff function is discontinuous. If displayed on a performance landscape (Kauffman, 1993) , different combinations of design choices can constitute multiple local "peaks", without any need for a single "best" solution that trumps all others (Levinthal, 1997; Levinthal & Warglien, 1999; Rivkin & Siggelkow, 2003) . In addition, similar to some other economic models (e.g., the Leontief production function), the complementarity approach can be used to model situations in which changes in any one element may raise performance significantly only when combined with changes in many or all other elements (Milgrom & Roberts, 1994) . Moreover, it highlights the fact that design choices, if they can even be adapted at will, often represent discrete rather than continuous variables that could be adjusted in increments.
In sum, the fundamental contribution of complementarity theory is that it enables economists to model complex production systems as something more than the sum of their input factors in a mathematically tractable and rigorous manner. However, its model-oriented nature implies that complementarity theory provides little guidance with respect to the nature of organizational design elements among which complementary relationships exist. In this situation, researchers aiming to test the complementarities rely on identifying complementarities by their effects, rather than by direct observation. In addition, complementarity theory offers hardly any theoretical prediction about the conditions under which complementarities emerge, other than to say that the availability of heterogeneous resources constitutes a precondition for complementarities among these resources to exist.
DATA AND METHODS

Data collection
Our review covers empirical papers on complementarities published in six managementrelated disciplines, namely strategy, organization and general management, economics, marketing, The fact that the five journals at the bottom of our list contained no further studies on complementarity suggests that our search has been fairly comprehensive. Nevertheless, we took two further steps to ensure our review would be as exhaustive as possible. First, we checked the reference lists of the papers that we decided to analyze more closely (see below), which helped us to identify a further nine papers that deal with complementarities, some implicitly without using the term in the abstract. Second, to avert the possibility of publication bias (Hunter & Schmidt, 2004) , we contacted the members of an established global network of academics in the field of organization theory via email. In our request, we asked whether the recipients were aware of any studies on complementarities that have not been published (such as works in progress, unpublished doctoral theses, or papers that had not made it into academic journals, e.g., due to empirical results that were not statistically significant). The respondents drew our attention to six papers, which we also added to our list, leading to a total of 1413 papers.
As we had chosen a wide search parameter, it was clear that only a relatively small proportion of these papers consisted of empirical studies on complementarities per se, rather than to merely use the word stem "complement" without devoting much attention to this concept.
Therefore, we analyzed the abstracts of the 1413 papers, focusing on three search criteria. First, we selected only those papers that clearly involved empirical research on complementarity. We classified as empirical papers all those contributions that report original findings generated on the basis of primary or secondary data, including case studies and other qualitative studies. There were no experimental studies on complementarities. We did not include reviews of prior empirical work on complementarities (specifically, we excluded Ichniowski's (2003) review of empirical research on HRM systems in which complementarities play a major role), however, we worked through the reference list of such papers in order to ascertain that all original empirical work on complementarities was included in our data base. Our analysis revealed that about two thirds of the studies on complementarities are of an exclusively theoretical nature. Overall, the ratio of theoretical to empirical studies appeared to be higher in the economics than in the management journals. However, both the absolute and the relative number of empirical contributions appear to have increased considerably over time.
Second, we selected only those papers that addressed the complementary interplay among two or more factors (elements) in producing a particular outcome, however defined. This step lead to the exclusion of some studies (e.g., White, 2000) Figure 1 shows that publication activity in this area has been particularly vibrant since 2006. The earliest empirical study on complementarities in the literature that we review is the one by Miller (1988) , who expressly integrated the notion of complementarities in his discussion of fit between firms' market strategy, their organizational structures, and their market environment.
FIGURE 1 Overview of the studies (N=73) by publication year
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Many reviews of prior empirical work classify the studies taken into account by whether they address the antecedents of the phenomenon that they are interested in, or its consequences, or moderating factors in these relationships (for examples of such reviews see Tepper (2007) and Raisch & Birkinshaw (2008) ). However, the notion of complementarities implies that it is impossible to identify "antecedents" that "lead to" complementarities, yet are separable from them. Rather, if a particular condition or factor affects or interacts with another one in such a way as to produce a joint outcome that materially differs from the sum of the individual effects of these conditions treated separately, this interaction denotes the very essence of a complementary (or, in the case of a negative effect, a substitutive) relationship between the two conditions (or "elements" or "factors") concerned. Therefore, we decided to deviate from the standard review approach describe above, and analyze the empirical studies included in our review with respect to three major aspects.
First, we identified the unit of analysis of the paper concerned i.e., whether the paper relates to phenomena on the firm-level (e.g., the interplay among organizational characteristics such as structural features, processes, or strategies), on the industry-level (e.g., the degree of munificence in an industry), or any other level, including those studies that concern several units of analysis.
Second, in order to gain greater clarity regarding the nature of the elements among which complementarities can be expected to exist, we categorized the 73 studies by the type of elements investigated, using four different groups with two subgroups each (see Table 1 ): Resources (distinguishing knowledge resources / capabilities and technological resources), organizational elements (distinguishing policies / practices and structures / processes), strategies (distinguishing corporate strategy and market strategy), and environmental factors (distinguishing locationrelated / geographical factors from market-related and regulatory factors).
3 Each of these categories, respectively sub-categories, have a long history of intellectual development (e.g., the discussion about optimal "fit" between strategy and structure, the resource-based view of the firm) which we cannot explore in detail here.
Third, we analyzed the findings of the 73 studies, distinguishing between two groups of papers depending on their investigative approaches (see Tables 2 
RESULTS
Unit of analysis in the empirical literature on complementarities
Our review revealed that the dominant unit of analysis in the 73 studies is the organization.
There are some studies that study complemenarities among different types of knowledge, skills We also noticed that almost all of the studies reviewed here take a cross-sectional perspective on complementarities, using static measures of performance (e.g., productivity) or Overall, the literature reviewed here provides little evidence on organizational change and transformation, or on the co-evolution of firms and their environments.
Types of elements investigated in the empirical literature on complementarities
As outlined above, we classified the 73 studies included in our data set by the types of elements among which the studies were searching for complementary relationships. The results of this analysis are contained in Table 1 .
Inspection of Table 1 shows that the empirical research on complementarities has paid most attention to the relationships among particular resources, respectively to the relationships 
Findings of the empirical literature on complementarities
In order to obtain an overview of the findings of the 73 studies in our review, we classified them by whether they found evidence of a complementary or substitutive relationship, or no relationship, between the factors investigated (see Tables 2 and 3 ). We categorized a study as finding complementary effects between two or more factors when it provided evidence of positive effects above and beyond the individual effects of these factors on beneficial outcomes such as performance. In studies taking a quantitative approach, these effects had to be statistically significant at conventional levels. When a study found that the presence of a factor diminished the effect of another factor on desirable outcomes, we classified this study as one finding a substitution effect between the two factors concerned. Finally, we also noticed when a study found neither a complementarity nor a substitution effect between two or more factors.
Our analysis revealed marked differences in the findings between the studies taking the individual elements interaction approach and those adopting the systems approach. Therefore, we list the two groups of studies by their findings in different tables.
A broad comparison between Tables 2 and 3 did not find any evidence of complementarities at all (neither did they find substitution effects).
Overall, this evidence suggests that the likelihood that a study finds complementary effects between two or more factors is at least partly driven by its investigative approach, and the empirical methods involved therein.
A closer analysis of the studies taking the individual elements interaction approach is particularly instructive with respect to the nature of the elements among which complementary effects are likely, or less likely, to emerge. In contrast, the papers adopting the systems approach Notes: Two-digit numbers contained in the cells denote individual studies (indicated by uppercase numbers in the reference list). Any study may be contained in more than one cell, depending on the type of element investigated, and the findings of the study. + Study finds complementary effects between elements contained in the respective categories 0 Study finds no or no statistically significant complementary or substitutive effect between elements contained in the respective categories -Study finds substitutive effects between elements contained in the respective categories Notes: Two-digit numbers contained in the cells denote individual studies (indicated by uppercase numbers in the reference list). Any study may be contained in more than one cell, depending on the type of element investigated, and the findings of the study. + Study finds complementary effects between elements contained in the respective categories 0 Study finds no or no statistically significant complementary or substitutive effect between elements contained in the respective categories -Study finds substitutive effects between elements contained in the respective categories provide insights on the performance effects of entire configurations of multiple elements. We discuss both aspects below, beginning with the former group of studies.
Studies taking the individual elements interaction approach. We highlight three results emerging from Table 2 . First, the largest group of studies (31) four of these studies attest to the idea that these different types of relatedness enhance each other's marginal effects on aggregate firm-level performance outcomes, at least for moderate levels of diversification. Overall, the impression deriving from Table 2 is that a firm's pursuit of particular strategies may be beneficial in twofold ways, namely through their individual effects on performance on the one hand, and through complementary effects with the firm's resources, organization, or other elements of its strategy.
Studies taking the systems approach. As indicated above, the research pursuing the systems approach yields largely positive findings regarding the existence of complementary relationships among entire systems of multiple elements. Inspection of Table 3 
DISCUSSION
Summary and Implications for Further Research
Our review of the empirical literature on complementarities in this paper was motivated by the fact that complementarity theory (Milgrom & Roberts, 1990a; 1990b; 1994; In contrast, studies that do not focus on one-on-one relationships among a limited set of factors, but on the performance of entire systems of elements within firms, provide substantially more positive results. In the following discussion, we focus on this contrast between the studies taking the individual elements interaction approach and those adopting the systems approach.
We were particularly intrigued by our finding that even studies looking at the same topic area (however broadly defined) may come to fairly different conclusions regarding the existence of complementarities, depending on their investigative approach. We use the example of the literature in HRM/workplace practices to illustrate this argument. As described in the Results section, all of the studies in this area using the systems approach confirm that the combination of multiple elements of modern HRM positively affects aggregate firm performance. In contrast, the findings on relationships among individual HR practices are fairly inconclusive. however, if a study fails to detect a complementary relationship between two factors where one was expected, this result may well be due to interactions (or the absence thereof) with other elements outside the study's focus. In this respect, Ichniowski et al. (1997) finding that the addition of some practices to an existing set of HR policies and procedures may well reduce the performance of the HR system, and that only implementing a fully-fledged, comprehensive system of HR practices exerts full benefits, is particularly instructive. Establishing entire systems of mutually reinforcing design elements leads not only to enhanced operational performance, but has additional benefits in that complex systems provide protection against imitation by competitors (Rivkin, 2000) .
In this vein, we believe that future empirical research should take an even broader approach to complementarities, taking resource-related, organizational, strategic and environmental factors into account. To give a practical example, in their seminal paper Milgrom & Roberts (1990a) study the emergence of modern manufacturing, using the case of the Ford Motor Company in the early years of its existence. They argue that the interplay of specific resources (e.g., specialized labor), the application of particular organizational and work practices (e.g., use of the standardized line production principles, close supervision) and firm strategies (e.g, focus on a particular price segment) were highly complementary -but only so under the demand conditions at the time (e.g., high demand for sturdy, reliable cars with no frills from an emerging, increasingly affluent middle class in a geographically dispersed country). According to this perspective, complementarities existed among resources, organizational practices, strategies and demand conditions (and probably other factors, such as the institutional environment), rather than among resources and organizational and work practices only. In sum, we believe that research should aim at uncovering complementarity effects among multiple elements that capture organizational systems better than a few selected elements only do.
Our review has also shown that most empirical studies on complementarities assume a cross-sectional perspective, and that they largely use performance measures of various types.
Given that complementarity theory has a potentially major application in explaining organizational stability and inertia, and the emergence of recurring design patterns within and across organizations, we would hope that future research pays greater attention to outcomes such as longevity, survival, and organizational resistance or ability to cope with change. Such research is likely to require longitudinal data, and possibly to involve qualitative research approaches in addition to quantitative ones. Overall, we believe there are still ample opportunities for valuable empirical (and theoretical) research on complementarities in management and related disciplines.
Implications for Managerial Practice
Our argument above that complementarities are primarily systemic phenomena clearly raises doubts about the extent to which complementarities can be managed purposely. Complementarity theory can be understood as a siren call against the notion of "best practices", which supposedly enhance performance regardless of the circumstances in which they are applied. The complementarity perspectve suggests that decision-makers have to manage complex social systems whose constituents and interactions are usually incompletely understood, and whose benefits may only become apparent post-hoc. Furthermore, the success of organizations that have established tightly coupled systems among highly complementary elements may act as a strong barrier to change, and thereby hinder adaptation and survival (Roberts, 2004 ).
Nevertheless, we highlight two implications for managerial practice that can be derived from the empirical research reviewed in this paper. First, although the evidence on complementarities is not clear-cut, this evidence is by no means negative. In total, 43 of the 73 papers contained in our review have found only positive performance effects of the relationships between individual factors or among multiple elements of the systems they considered. A further 24 studies found mixed evidence. In comparison, only six studies found no or even negative effects where they had expected positive ones. Therefore, complementarities, although clearly not ubiquitous, appear to be widespread, suggesting that the development of organizational systems embodying such complementarities is not impossible. Although due to the large differences in the data, variables and methodologies used by the papers in our review it is impossible to assess the performance effect sizes of complementarities in a statistical sense, an analysis of individual studies (e.g., Carmeli & Tishler, 2004) suggests that these effects can be substantial.
Organizational development towards complementarities holds out a promising perspective.
Second, although our review has not enabled us to pinpoint individual factors that provide "universal complementarity" with other factors, it has provided a snapshot of the various dimensions that decision-makers seeking to facilitate the emergence of complementarities in their organizations should take into consideration. Managers should take a broad view of their organizations that cuts across the boundaries of traditional functional demarcations. For example, as the example of Milgrom and Roberts' (1990a) example of Ford mentioned above shows, a firm's human resource management is most likely to exert its full benefit in consort with its strategy, organizational structures, and other characteristics. Complementarity theory suggests that lasting competitive advantage does not necessarily derive from optimizing each of these factors on its own, but from the beneficial interplay among them.
